The stem cell niche of the shoot meristem is stably maintained despite a rapidly changing cellular context. Recent papers reveal a mechanism controlling the spatial patterning of the stem cell niche that prevents its self-termination.
Unlike most animals, plants can grow and give rise to new organs throughout their life, which in the most extreme cases can span more than 1,000 years. They do so by employing small groups of stem cells that are located in proliferative growth centers, the meristems. The shoot meristem gives rise to the stem, side branches, leaves and floral meristems. In the model plant Arabidopsis thaliana, the shoot meristem contains three layers of stem cells (Figure 1 ): the outermost layer (L1) gives rise to the epidermis and the underlying L2 layer to different subepidermal tissues, such as photosynthetic parenchyma in the leaves. The cells of the underlying L3 meristem layers divide in all directions and give rise to the inner corpus tissues. The stem cells of all three layers are maintained undifferentiated by the homeodomain transcription factor WUSCHEL (WUS) that is expressed in a group of underlying cells, named the organizing center [1] ( Figure 1) . WUS functions as a dual transcription factor that can act as repressor or activator [2] . The two opposite functions seem to be strictly regulated along the apical-basal axis of the shoot meristem. In the organizing center, WUS has been found to act as a direct transcriptional repressor [3] . But the WUS protein also moves through cell-to-cell connections into the overlying stem cells where it is required to maintain pluripotency [4] . Here, WUS functions as a direct transcriptional activator of the CLAVATA3 (CLV3) gene [4, 5] . CLV3 encodes a small signaling peptide that restricts WUS expression to the organizing center by activating a receptor kinase signaling cascade [6] . This negative feedback provides a model of how the number of stem cells in the shoot meristem is dynamically controlled [5] . In recent years, pairs of WUS and CLV3 paralogs have also been identified in the regulation of stem cells in the root meristem and the vascular meristem, the cambium. Moreover, similar stem cell regulation has been observed in other species, suggesting that WUS/CLV3 represent universal regulators of plant stem cells [7] .
While the WUS/CLV3 feedback loop seems to be a great tool to maintain stem cell homeostasis, the ability of WUS to activate transcription of its own inhibitor poses the potential risk that the stem cell niche could shut itself down. Indeed, experimentally increased CLV3 expression terminates WUS expression in the organizing center and, for that matter, stem cell maintenance [8, 9] . Thus, a precisely working mechanism is necessary that confines CLV3 transcription by WUS to the stem cells and at the same time blocks it in the organizing center. Based on different experimental approaches, different models have been proposed.
First, it was discovered that expression of the mobile microRNA 394 (miR394) in the L1, which forms a gradient through about three cell layers, is required for CLV3 transcription there, albeit in a complex redundant fashion that is not fully understood yet. This has resulted in the model that the L1-born inward miRNA394 gradient establishes a zone of stem cell competence by potentiating WUS to activate CLV3 transcription [10]. This model is also consistent with recent computer modeling [11] .
In a second model, it has been suggested that a high concentration of WUS in the organizing center causes the preferential formation of dimers, which act as transcriptional repressors of CLV3 transcription there. By contrast, the lower concentration of WUS in the stem cells results in the formation of monomers or heterodimers that activate CLV3 transcription [12] . While this is an intriguing model, upregulation of CLV3 expression after ectopic expression of WUS in the stem cells suggest additional levels of control [13, 14] .
A third model was recently published by Zhou and colleagues that adds another player into the picture [15] . More than a decade ago a mutant screen for meristem defects in petunia led to the discovery of the HAIRY MERISTEM (HAM) gene that encodes a GRAS-domain transcription factor [16] . The name-giving feature of the ham mutant is the ectopic appearance of leaf hairs (trichomes) on the surface of the shoot apex, indicating that the L1 stem cells in the mutant had undergone terminal differentiation. The ham shoot meristem prematurely terminates after initiating only a small number of leaves in a way very similar to the petunia wus mutant, suggesting that both genes could act in the same process. One important finding of this study was that the HAM mRNA is found only in deeper cell layers, which implies that it maintains the stem cells in the outer layers by a non-cell autonomous mechanism.
In the following years, HAM homologues were found in a variety of flowering plants, but also in the evolutionarily more basal mosses Physcomitrella and Selaginella. In Arabidopsis, there are four paralogs, HAM1-4. A careful analysis by Engstrom and colleagues of different multiple mutants revealed that HAM genes are redundantly required to maintain the indeterminate activity of shoot and root meristems [17] . In a different study, Schulze and colleagues made the important discovery that the expression domain of CLV3 in triple ham loss-offunction mutants was enlarged and shifted downwards compared to wild type before shoot meristem termination, indicating that HAM functions as a negative regulator of CLV3 expression in deeper cell layers [18] .
First insight into the molecular mechanism of how HAM negatively regulates CLV3 expression stems from two papers of Zhou and colleagues. In the first paper, the authors report the isolation of HAM1 as a direct interactor of WUS [19] . Notably, also the WUS paralogs WUSCHEL RELATED HOMEOBOX 4 (WOX4) and WOX5, which regulate stem cells in the cambium and the root meristem, respectively, were found to interact with HAM proteins, suggesting that HAM-WOX interaction might be a conserved mechanism in stem cell control. Similar to the findings in petunia, expression of the Arabidopsis homologs HAM1 and HAM2 overlapped with the expression domain of WUS in the organizing center of the shoot meristem (Figure 1) . Combined with the previous finding that HAM negatively regulates CLV3 expression, this raised the question of whether the coexpression of HAM and WUS in the organizing center might suppress transcriptional activation of CLV3.
Zhou and colleagues address this in their follow-up paper by ectopically expressing HAM1 in the epidermis and observed that this indeed resulted in suppression of CLV3 expression [15] . This provides a simple yet elegant model in which transcriptional activation of CLV3 by WUS is restricted to the stem cells where HAM is absent and suppressed in the organizing center where HAM is present. Previous findings by Xin and colleagues showed that during the initiation of axillary meristems, CLV3 is initially expressed in deeper layers before it becomes confined to its canonical expression domain in the outermost three layers [20] . The expression dynamics of HAM1 also provide an explanation for this: at initial stages of axillary meristem development, HAM1 is expressed weakly and uniformly throughout the future meristem region. Only when HAM1 expression increases and becomes confined to deeper cell layers does CLV3 expression become localized to the outmost cell layers in a complementary pattern [15] .
One emerging question from these findings is whether the three models of apical-basal patterning of the stem cell niche can be integrated. The requirement of a L1-derived component to potentiate WUS as activator of CLV3 transcription is conceivably compatible with the role of HAM as a repressor of it in the organizing center. The concentration model proposed by Perales and colleagues can also be consistent with the proposed HAM function. On one hand, HAM could enhance the formation or activity of the hypothetical CLV3-repressing WUS dimers in the organizing center. On the other hand, HAM binding to WUS could block the activator function of the WUS monomer or heterodimer. This possibility is supported by the finding that WUS interacts with HAM through its acidic domain, which has been found to promote WUS-mediated activation in some transcription assays [2] . Binding to HAM thus could serve as a safeguard mechanism to prevent the likely existing WUS monomeric fraction in the organizing center from activating CLV3 transcription.
Whatever turns out to be the mechanism in place, the discovery of HAM as modifier of WUS function has added another important player to understand the patterning of the shoot meristem stem cell niche. Figure 1 . The shoot meristem stem cell niche is patterned by expression domains of its key regulators.
WUS protein (black dots) that transits into the stem cells (green) activates expression of its feedback repressor CLV3. In the underlying organizing center (red) where WUS is expressed, CLV3 activation is suppressed by direct interaction with the HAM1 protein (blue expression domain), preventing self-termination of the stem cell niche.
